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BACKGROUND ;

The Long Term Pavement Performance (LTPP) Team at the Federal Highway Administration's
(FHWA) Turner-Fairbank Highway Research Center (TFHRC) has been collecting pavement
performance data across the United States and Canada since 1987, This effort includes more
than 2400 asphalt concrete (AC) and portland cement concrete (PCC) test sections. These test
sections are monitored for material property and performance changes over time. This data is
collected and managed in the LTPP IMS database, and select data from that database was
released with the DataPave 2.0 software as a resource to transportation industries internationally.
- Before data is included in the IMS database, it is processed and analyzed for quality assurance
and physical merit. Two general categories of data are collected: General Pavement Studies
{GPS) and Specific Pavement Studies {SPS). The GPS studies included prebuilt roads whereas
the SPS studies included only new road construction.

As a part of the SPS studies, two states, Ohio and North Carolina, were selected to incorporate
strain, deflection and stress instrumentation into selected SPS sections in their state, and to
conduct controlled loading experiments. Raw data from the controlied loading tests have been
reduced by PCS/LAW to key elements, enabling increased potential for user accessability. Raw
dynamic load response (DLR) data collected from the SPS-2 sections in NC was processed and
included in DataPave 2.0. Because some of the data obtained from the OH experiments was
thought to be out of the anticipated range, none of this data was included in DataPave 2.0.

The Truck Pavement Interaction (TPI) group at TFHRC has been involved in performing
controlled loading tests, and analyzing pavement response data since the mid [980°s. TPT uses
this data to develop, validate and calibrate mechanistic pavement design models. With such
experience in this area of work, TPI submitted a work proposal to LTPP, attached 1o this report
as Appendix C, to examine a sample of the DLR data in question and provide and evaluation of
the data in terms of quality and applicability to pavement modeling and design. The TP1 group
proposed three phases for a complete study, with work continuuing in phases II and I1I based on
the outcomes and recommendations of phase 1. This document competes phase 1. [t deals with



the conduct of comparisons of the NC and OH data, as well as with the methods employed in
their collection, processing and presentation, to identify differences, not only between the two
sets of data, but also between data processing results obtained from PCS/LAW and TPL

OBJECTIVE

Overall:

The main objective of this study is to determine those approaches and methodologies most
appropriate for applications of measured stress, strain and deflection response obtained from -
service roads to theoretical (mechanistic) pavement analysis concepts and design processes.

Phase I — Quality Assurance and Quality Control Analysis.. Identify biases, procedural or
processing errors, or physical irregularities, if any, that exist in the sample DLR data. Provide a
scientific explanation for findings, as well as suggestions for future experimental and/or
procedural modifications to ensure improvement of data quality.

Phase I — Statistical Analysis. — Perform correlations and regressions to provide correlation
coefficients and linear/non-linear regression values to identify trends between experimental
results and test variables.

Phase 111 — Mechanistic Analysis. - Verify that mechanistic models exist, or can be modified to
predict pavement response given inputs similar to those fest conditions found in the selected SPS
sections.

EVALUATION OF AVAILABLE INFORMATION

Efforts to begin work on this project began with an overall review of documentation describing
the LTPP experiments and the databases associated with these experiments. PCS/LAW
established the format for DLR data tables to be included in the LTPP Information Management
System (IMS) database. Revised specifications for DLR data to match IMS standards were
made and documenied by PCS/LAW to allow for additional elements in the OH dataset (1,2).
Descriptions of tables and table elements within the IMS database are given for DLR data as well
as off-line data storage specifications and a description of the DLRCheck computer program and
its functions. '

In April of 1994, PCS/LAW prepared a draft document to describe SPS-2 experiment
instrumentation information common to both OH and NC data sources (3). This document gives
detailed information on data acquisition systems, loading plans and locations, measurement
parameters, instrumentation specifications, placement and installation procedures for SPS-2
experiments. This is good information to compare with the NC DOT open-house document (4).
This NC DOT open-house document contains general background and motivation for all LTPP
experiments as well as experimental design matrices, site maps, section layouts, mix designs and
material sources for NC SPS-2 experiments. After examination of this NC DOT open-house
document, it was discovered that specific spatial lavout information for instruments was not
included, but an instrument layout plan was later provided to TPI via fax by NC DOT (5). The
faxed layout plan inciuded gage lables and relative placement, but no spatial dimensions, which
must be extracted from the IMS database through the DataPave version 2.0 software (6). This



raised the question: “From what source did the spatial information included in the DataPave/IMS
database originate, and why was it not provided to TPI?" The answer is at this point still
unknown, but for further data analysis planned for phases II and I1I , it will need to be realized.

Some instrumentation in OH includes not only that set forth by the Strategic Highway Research
Program (SHRP), but also instrumention placed for separate OH DOT and Ohio University (OU)
experiments (7). For example, the LVDT’s placed at the outermost positions of the test sections
were not part of the SHRP protocol, and therefore data from those gages was not supplied as
LTPP DLR data to PCS/LAW. The OH SPS instrumentation report (7) gives detailed
information on instrumentation installation, calibration, data acquisition and work schedules for
the SPS-1&2 sections in OH. Technical information required for completion of Phase I of this
study is contained in the OH SPS instrumentation report (7) with the exception of instrument
calibration factors, which had to be obtained directly from OU. Some spatial information for
specific test sections and depth of OH LVDTs is not included, but this information was later
obtained from OU via telephone conversation April 24, 2000. [t was then discovered that all
LVDT’s used to measure entire pavement structure deflection (deep reference LVDT s in OH
SPS sections) are anchored at a depth of 10 feet, and LVDT’s used to measure only deflection of
the base (shallow reference LVDT’s) are anchored at the bottom of the base. Specific base
depths vary with the test section and this information was obtained from the Ohio SHRP Test
Road Open House booklet (8)

I addition to instrumentation details for both QH and NC data, for comparison purposes it was
also essential to obtain information relating to data acquisition equipment and software which 1s
contained in the MEGADAC technical manual (9). This document provides the information
necessary for operation of the OPTIM Corporation’s MEGADAC SERIES 3100 data acquisition
system. This system also includes the Test Control Software (TCS) which is a database
management package used to control how the MEGADAC data acquisition system will be used
for testing applications. This may prove helpful inisolating possible causes of data collection:
EITOTS.

INVESTIGATIVE PROCEDURE

A flow diagram of the process developed to achieve the objectives can be seen in Appedix A,
figure 1.

Sample Data Examination

OH Data Examination

PCS/LAW provided representative OH AC DLR plots in hard copy form and raw DLR data
from three OH AC sections, three OH PCC sections in electronic form on floppy disk. The
hardcopies were plots of data traces as they appear when viewed with PCS/LAW’s DLRCheck
data processing software. OH files represented by these hardcopies include the following:
14a.001, j4a.008, j4e.001, j8a.001, j2e.012, j2e.010 and j8a.006. The file naming convention:
first two digits represent site and site number, the next digit represents return visit to the site in
alphabetical increments, and the numeric extension represents the run (repetition)number for that
particular return visit to that particular site.




The compressed data files were copied from the floppy disks to hard drive and deflated using
PKZip software. These compressed files contain at least two raw binary data files and several
supporting MEGADAC (data acquisition equipment/ software) files. The raw files were opened
and viewed using the PEAK software from OU. Plots of the raw data, from files that were a
direct match with the hardcopies listed above, were printed to check that data trace forms
matched. Some of the raw trace shapes that were produced did not appear to match their
corresponding hardcopy traces at first glance, but it was later determined that peaks of interest -
had been "zoomed" using a feature in the DLRCheck software {"'zoom" is not a feature included
with Ohio's PEAK program).

Another observation is that the channel labels in the PEAK program are incremented one step
ahead of the channel labels in the DLRCheck display. For example, channel 17 in PEAK
corresponds to channel 16 in DL.RCheck. DLRCheck begins labeling with channel zero {ch. 0)
while PEAK begins labeling with channel one (ch. 1). This is not an important matter in terms
of the data, but it should be noted for making comparisons between hardcopies of data traces
provided in appendix B.

The MEGADAC system calibrates strains internally, therefore raw strain output from
MEGADAC is in microstrain. PEAK can only read raw data with their supporting MEGADAC
files, therefore Since all the DLRCheck output in hardcopy has been scaled using calibration
factors, only peak strain channels could be directly compared with PEAK traces. Calibration
factors can be applied using PEAK,, however the results can be seen only at the PEAK output,
and not on the trace display. PEAK outputs only the peak and valley values of the trace that it
selects in ASCII form. Questions about the PEAK program were raised to OU pertaining to how
the program algorithm identifies peaks and why expected peaks were not always being
identified. An improved version of PEAK was suggested, which would allow the user to
manually select peaks of interest in the event that the program does not automatically identify the
expected peaks. This version of PEAK was to be supplied to TPI via e-mail, however it was
never received. To check the validity of peak values supplied in the DLRCheck hardcopies, a
combination of TCS and Microsoft Excel (XL.) was chosen to manually extract peaks from the
entire trace in ASCII form.

NC Data Examination

The same process was used to deflate and view the NC data, however there were no DLRCheck
hardcopies to compare with PEAK output. NC file naming convention differs from OH in the
following manner: for a file named t37201£.002, “t” represents truck (rather than an “f” for
falling weight deflectometer), the next two digits indicate the SHRP State code, the nexi three
digits indicate the last three digits of the SHRP 1D for the test section, the last letter indicates the
return visit (the sixth in this case), and the three digit extension represents the repetition number.

Data Processing

OH Data Processing

As stated previously, TCS, which comes with the MEGADAC system, was used, to convert the
entire raw data trace to ASCII format. Once this conversion was performed, XL was used to
open the ASCII files, apply calibration factors to them and plot the results. Examples of these
strain, LVDT, and pressure plots are included in Appendix A, figures 2-4. While specific
calibration curves exist for each sensor at QU, they are not easily accessible, therefore general




factores supplied to TPl by OU were applied. OU clarified that all LVDT calibrations
{appmximatei}} 600 LYVDTs) are linear and pass through the origin with slopes ranging from 19.3
— 20.5 Volts per inch. Therefore an average value of 20.0 V/in. was used for data processing.
Dynatest strain gages were calibrated by OU using a MEGADAC data acquisition system in the
Y4 Wheatstone Bridge setup, therefore no further conversion factors were needed in data
processing for strain. A factor of 10 psi/voit is generally used for all pressure sensors, which are
considered reliable to within £ 2%, according to OU.

NC Data Processing

NC displacement traces appeared smooth, as seen in appendix A, figures 4 and 5, while strain
traces exhibit high noise levels as seen in figures 6 and 7. Raw displacement channel tags
indicated that the data had already been calibrated to inches. NC was contacted via telephone to
request information verifying that displacement calibration factors varied from 81 V/in to 83.8
V/in. and were input to the MEGADAC system and applied during data collection.

Data Processing using DLRCheck Software

A working copy of the DLLRCheck software and a user manual was requested from PCS/LAW.
Both of these items were supplied, however during program execution, multiple errors resulting
in premature program termination. Initial attempts to overcome this problem were made by
telephone conversation, and PCS/LAW suggested that a difference in the version of the
Microsoft Visual Basic (MVB} compiler between TPI and PCS/LAW might be the cause of the .
problem. To address this problem, TPI upgraded to MVB, Version 6.0, and scheduled an onsite
appointment with PCS/LAW to recompile and run DLRCheck on the TPI notebook computer. It
was later discovered that the probiem had to do with the DLRCheck software, and not the
compiler, as described below. '

During a meeting with PCS/LAW the DLRCheck program was recompiled with MVB 6.0 and
executed on the notebook computer. Unfortunately the same problems with the program were
encountered as before. One problem with the program recognizing data file names was
identified and attempts were made to correct it, but it was conciuded that it would require
significantly more time to correct the problem than was available at the meeting because of the
complexity of the program.

The DLRCheck program was designed to read raw data files, supporting MEGADAC files with
calibration factors, check raw data file channels for possible problems. identify problem channels
with flags, read satisfactory channels and apply filtering, extract peak vaiues and load those
values into a Microsoft Access database. Problems encountered when running DERCheck were
believed to be due to variations of numbers of channels between OH AC and PCC test sections,
as well as OH and NC PCC test sections. As a result. it is necessary to modify the code of the
DLRCheck program to read data from specific OH and NC sections. based on the number of
channels present in the raw data files. TPI believes the program has some difficulty reading
necessary information between data sources because of format inconsistency or program
inflexibility issues. Because of this, all necessary information that the program needs to
correctly process, is hardcoded rather than relying on user input. This makes the code very long,
and since there is no documentation within the code, it would be very difficult for someone
unfamiliar with the program to identify where and how the calibration factors are applied.

A



TPI requested the source code, but permission for the TP contact at PCS/LAW to provide 1t was
unavailable at the time of the meeting: However, an offer was made to modify the program to
read at least one NC and one OH data set for comparison purposes with raw MEGADAC data
processed by TPI using TCS and XL.

Modified DLRCheck program(s) were e-mailed to TPI as an executable file(s) (no re-
compilation needed), however similar problems were encountered upon execution of these
modified versions, PCS/[LAW was contacted concerning these problems, and it was suggested
that TPI leave the TPI notebook computer with PCS/LLAW until DLRCheck was executed
successfully. That option was deemed unnecessary for the completion of this phase of the study
since other problems with the DLRCheck program had been uncovered during the meeting.
These problems alone may be reasonable explanation for differences in data processing results.
All raw DLR data possessed by PCS/LAW was acquired by TPI at the meeting and loaded to the
TPI notebook for application to Phases I and HI of the study.

DATA ANALYSIS

Some data was included in a limited analysis involving VESYSS and [IliSLAB flexibie and rigid
pavement response models respectively. Model output is included in appedix D. Both flexible
and rigid pavement section from OH, and a rigid pavement section from NC were chosen to
determine if results obtained from TPI raw data processing were within the range predicted by
the modeis.

OH and NC PCC sections were chosen to have the same physical dimensions for both the
pavment and base material. While specific material property values were unavailable with the
material provided to TPI from LTPP, the analysis was performed unsing general values for
Poisson’s ratio and Young's modulus for “balipark” comparison purposes. '

RESULT& COMPARISONS AND DISCUSSION

OH AC Data Processing Resuits

Data traces, corresponding to DLRCheck output hardcopies supplied by PCS/LAW, were
processed and plotted using TCS/XL and PEAK for comparison with DLRCheck. When the
initial values (baseline's, or offsets) were subtracted from the signals, TCS/XL results were
neatly identical to those obtained with PEAK, however, both PEAK and TCS/XL results were
significantly less than those produced with DERCheck. Direct comparison plots of all
corresponding traces from DLRCheck. PEAK and XL are given in appendix B. Calibration
factors were applied in XL and peak values corresponding to those shown on the DLRCheck
hardcopies were extracted manually. Appendix A table | shows the percent ditference in peak
values between the three processing methods. On average, differences in resulits from TPI
processing and those supplied from PCS/LAW ranged from —50 percent for strain to —1799
percent for pressure, which is believed to be caused by misapplication of gage calibration factors.
These results are contained in Table 2, appendix A.

NC PCC Data Processing Results
Strain data channels from NC exhibit low signal-to-noise ratios, indicating the need for filtering
in some cases to complete re-instrumentation in others. Displacement data from NCT appears to




be in good shape. Three strain gages and two LVDT’s were chosen to perform a comparison
between maximum peak and valley entries contained in the IMS database (obtained through

" DataPave 2.0) to those obtained through TPI processing. In order to do an accurate comparison,
the same number of data points applied in the moving average filter used by DLRCheck
(according to what is reported in the DataPave/IMS) was also used by TPL. These results are
given in Table 3, appendix A.

The most obvious findings illustrated in table 3 are the strong match between results for
displacement as opposed to the weak match for strain. Displacement values between
DataPave/IMS entries and TPI results differ on average by only 0.25 percent,
whileDataPave/IMS strain value entries are on average 16 percent of that found by TPI. The
reason for the large difference in strain is puzzling considering the strong between displacement
values. The signal processing problem causing this discrepancy may lie in the weak strain signal
(in comparison with the high noise level in the channel), as mentioned earlier.

Low NC strain readings in the DataPave/IMS database have been consistent throughout this
study, and the following observations should be discussed. The original strain devices planned
for NC were embedded Dynatest gages, like those used at OH, but the gages soon failed after
road construction. These gages were replaced with surface-mounted gages as an alternative 1o
the Diynatest gages. Surface mounted gages are trouble-prone in this application for 4 number of
reasons. First of all they are exposed to the rigors of the environment. Secondly there are a
number of controversial issues pertaining to quality of strain data from gages mounted to a
material, such as concrete, which has at least two materials (aggregate and matrix) with different
strain responses to a given load. Thirdly, the surface-mounted strain gages were directly exposed
to the truck tires which provided the load for each experiment. This alone will cause different
readings as the gage is deformed to direct load application, for which they were never designed.

In addition to the problems associated with the surface mounted gages. wheel path offset was
never recorded for NC DLR files. Wheel path offset plays a very important role in how a gage
will respond to a passing Ioad. Therefoie, it is fecommended that any data from these gages
should be used in analysis for general trends, and not actual strain experience by the material.

DataPave 2.0/ IMS Application Results - NC

Some problems were encoutered while using DataPave 2.0/IMS. These problems were identified
and reported in the “LTPP Data Analysis/Operations Feedback Report”, which was supplied to
TPI by SAIC. This report is included in appendix D.

Truck geometry values were not available due to what was likely an error in the program. When
the truck geometry tables were requested, the software offered the foilowing error message:
“Error: 3061 Too few parameters. Expected 1. Perhaps this bug can be easily corrected by the
software developer, but without the truck geometry values, the data would be useless for
continuation to phases Il and Il of this study.

It appeared that axle loads were represented by values that were too low. This was probably a
. . . . - b

English to SI unit conversion error, because when the values were multiplied by 4.457 , the

proper values were obtained in kiloNewtons. Also values of units for time corresponding {0



strain and displacement peaks and valleys were improperly labled as microseconds, rather than
milliseconds.

Pavmement temperature was not included as data within the DataPave/IMS for DLR sections
inciuded in the DataPave 2.0 software. This information would be very important for further
application to data analysis proposed in phases 11 and III of this study. Air temperature was
available in a separate table from automatic weather stations. While air temperature may be used
to estimate pavement temperature, it is not reliable to any accurate degree due to the lag in
changes in pavement temperature with respect to relatively fast changes in air temperature.
Furthermore, not only was air temperature for DLR runs not included with DLR data, air
temperature data was not available for all test runs examined in the sample data set.

Data Analysis Results

Results of the analysis performed using VESYS35 and HIISLAB are given in appendix A, table 4.
Generally, the values predicted by the models match closely with that obtained from TPI
processing. When compared to values provided in the DataPave/IMS database, deflection values
match closely but IMS strain values remain low. This is consistent with results mention above.

CONCLUSIONS

OH Data Conclusions

Initial processing results indicate that DLRCheck results are considerably higher than those
obtained by TPI. Differences in resuits from TPI processing methods and those supplied from
PCS/LAW ranged from —50% to —1799%, which is beheved to be caused by mlsapphcatlon of
gage calibration factors. :

The condition of the OH data appears very good for AC data. The physical validity of the data
was verified through analysis with the VESYS5 mechanistic flexible pavement response model.
Anyone wishing to conduct further analysis of this data will require information regarding site-
specific material properties, truck geometry, axle loads, wheel path offset, tire inflation pressure,
speed and pavement temperature data.

The PCC data does contain some moderate noise, which can be smoothed through filtering
without losing significant signal amplitude. The physical validity of the data was verified
through analysis with the HliSLAB mechanistic rigid pavement response model. Further
analysis of the data will require information regarding site-specific material properties, truck
geometry, axle loads, wheel path offset, tire inflation pressure, speed and pavement temperature
data.

NC Data Conclusions

Strain data sets provided from NC exhibit considerable amounts of noise, indicating the need for
filtering in some cases to re-instrumentation in others. DLRCheck-processed strain results which
were entered into DataPave/IMS are low compared to the results of TPI processing. This



discrepancy is believed to be a combination of the DLRCheck software failing to select the
proper peaks (in the low amplitude/high noise signals) and the surface mounted strain gages
which are known to be trouble-prone in this type of application. If this strain information is
included in the DataPave/IMS database, a warning of the limitations of the DLRCheck software
or strain gages. or both, in'addition to a lack of wheelpath offset, and pavement temperature data
should be included. This strain data may be useful in identifying general trends, but may not
reflect actual strain associated with the specific loading or material characteristics. However, the
displacement data appears to be in good condition. On average. maximum peak values of strain
found in the IMS database were 16 percent of results obtained by TPI in contrast to a small
difference with displacement of 0.25 percent.

DLRCheck Software Conciusions

More work needs to be done with DLRCheck to ensure the software has the flexibility to identify
and read all types of data files from DLR sites. The software does not have the ability to allow
the user to input calibration factors for instrumentation, nor can the hard-coded calibration
factors be easily verified. Low signal fo noise ratios seem to present a problem for DLRCheck as
illustrated by the DataPave/IMS NC strain data. There exists a need for more work to be done to
ensure proper extrusion of peaks and application of calibration factors, as well as database
building.

DataPave 2.0/IMS

Some problems with the IMS database were identified and reported in appendix D. In order for
these problems to be identified and corrected, someone knowledgeable about the history and
present state of DLR pavement instrumentation and testing, as well as the mechanics of these
materials, needs to be responsible for database content.

RECOMMENDATIONS

OH Data Recommendations

This data should be included in the DataPave/IMS database provided that all necessary
supporting information is available, including: site-specific material properties; site-specific
geometries; spatial instrumentation information; truck geometry; axle loads, configurations and
load balance; wheel path offset, tire inflation pressure, tire type and dimensions; vehicle speed
and pavement temperature data, etc. All this information should be available from OU.

NC Data Recommendations

NC strain data already included in DataPave/IMS should be either re-processed, ensuring that
DLRCheck is extracting the proper peaks/valleys, or it should not be included at all.

NC displacement data already in place in DataPave/IMS seems to be in good condition, however
for analysis applications all necessary supporting information needs to be made available,
including: site-specific material properties; site-specific geometries; spatial instrumentation



-information; truck geometry: axle loads, configurations and load balance; wheel path offset, tire
inflation pressure, tire type and dimensions; vehicle speed and pavement temperature data, etc.
If pavement temperature instrumentation is not present, this should be stated, along with a
suggestion for converting air temperature to pavement temperature. All this information should
be available from NC DOT.

DILRCheck Software

This software should be improved to allow input of raw data from any DLR site regardiess of the
number or order of data channels. Specific attention should also be placed on ability of the
program to accept user input of calibration factors. It may be possible to adjust DLRCheck to
more efficiently extract peaks/valleys in high noise signals, or perhaps the noise/signal ratio
cutoff level needs to be re-established to identify junk signals. Attention should be focused on
why DLRCheck rejects some signals and accepts others with similar noise content. .

DataPave 2.6/IMS

Problems identified in the report in appendix D, “LTPP Data Analysis/Operations Feedback
Report” need to be addressed. In addition to the information already included with DLR tables,
the following tables should also be made available for analysis purposes:

Pavement temperatures, or air temperature corresponding to those runs in the DLR tables;
Site-specific material properties; site-specific instrumentation spatial information, as well as
calibration factors; tire dimensions.

In Addition’

As part of National Pooled Fund Study SP&R 2(203), with OH serving as lead State, both TPI
and OU will thoroughly process data taken from additional OH test sections. This data was
originally paid for by FHWA and collected as part of a truck size and weight (TS&W) study.
Parameters of interest included axle and load configuration, tire type and tire inflation pressure,
effects of hot weather on vertical pavement shear, measured using innovative methods of
pavement instrumentation. TPI has ensured this data to be well documented with ail supporting
information available for analysis purposes with the intention of calibrating pavement response
models.

It is recommended that LTPP support TPI’s effort in processing and analyzing the TS&W data
for application to mechanistic pavement models, as outlined for phases IT and III for the
continuation of this study. The completion of phases I and II, will provide LTPP with an
excellent addition of well documented DLR data for use in Data Pave. It will also provide LTPP
with a methodology for validating and calibrating both a FEM and a layer system model
(VESYS and one of Itlislab, Islab 2002 or ISlab ).

{0



LIST OF REFERENCES

1.

FHWA LTPP file: "Pavement Instrumentation/Load-Response/DLR IMS Issues — Revised
IMS Specifications for Dynamic Load Response (DLR) PCC Data to Include OH
PCC Data.”

FHWA LTPP file: "Pavement Instrumentation/Load-Response/DLR IMS issues — Revised
IMS Specifications for Dynamic Load Response (DLR) AC Data.”

PCS/LAW file: ““Pavement Instrumentation Program for SPS-2 Experiments —
Instrumentation Details”

NC DOT file: "SPS-2 Seasonal and Load Response Instrumentation North Carolina D.O.T.

Open House — Overview of the LTPP Program”
NC DOT file: NC SPS-2 Instrument Layout Plan — facsimiie
FHWA LTPP product: “Data Pave 2.0” software.

FHWA LTPP file: "Development of an Instrumentation Plan for the Ohio SPS Test
Pavement” :

OH DOT file: “Ohio Test Road Strategic Highway Research Program Open House”

"Techrmical Manual for the MEGADAC SERIES 3100"

I



APPENDIX A

Figures and Tables

13



MEGADAC DATA ACQUISITION

with Test Contro] Software (TCS)

Supporting Files

Raw Binary Data

PHASE |

v

Ohio’s PEAX software: reads binary
data with supporting files, plots data
and extract peaks, but will not export
entire converfed data into ASCH
format.

PCS/LAW DLRCheck Software:
reads binary data with supporting
files applies QC checks, calibration
factors, extracts and exports peaks
and entire trace in ASCIH format.

TCS: Used to set up the data
acquisition and supporting files, Can
be used for binary-ASCII conversion
and export.

| Data Signature
Display

£
1

Data Signature
Display

¥

{

{ Date Signature Display plusg
al] dats in ASCII column

i format for further analysis

‘\__/T"'—‘

Compare

DLRCheck output reflects
true behavior of the data.

Rational

Consistent
Results?

identify difference: Apply
calibration factors using
independent applications and
compare results

A

behavior?

Yes

Check possible sources

¥

PHASE I

Perform regression analysis

faulty sensors, incorrect signal gains, incorrect
spacial dimension records, etc. ..

of error; supporting files,

&

on data and experimental
paramenters.

Y

Statistically
sipnificant
relationshin?

PHASE 1IT

Use data {or current mechanistic modet calibration )

‘;'//E;tabiish Empirical Regression Model (BERM) )

[nsplement BERM te improve or develop Mechanistic

Pavement Analysis Modet

Figure 1: Process of DLR data collection, processing and comparison.
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Corresponding DLRCheck, PEAK and X1, Plots
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APPENDIX C

Original Work Proposal



Turner-Fairbank Highway Research Center
TRUCK PAVEMENT INTERACTION GROUP

Work Proposal:
"Comparison and Quality Evaluation of LTPP DLR Data from Obio and North Carolina”

11/15/1999

Background

The Long Term Pavement Performance (LTPP) Team at the Federal Highway Administration's
(FHWA) Tumer-Fairbank Highway Research Center (TFHRC) has been collecting pavement
performance data across the United States and Canada since 1987. This effort includes more
than 2400 asphalt and portland cement concrete test sections. These test sections are monitored
for material property and performance changes over time. This data is collected and managed in
the LTPP IMS database, and select data from that database was released with the DataPave 2.0
software as a resource to transportation industries internationally. Before data i1s included in the
IMS database, it is processed and analyzed for quality assurance and physical merit. Two
general categories of data are collected: General Pavement Studies (GPS) and Specific Pavement
Studies (SPS). The GPS studies included prebuilt roads whereas the SPS studies included only
new road construction, As a part of the SPS studies, two states, Ohio and North Carolina, were
selected to incorporate strain, deflection and stress instrumentation into selected SPS sections in
their state, and to conduct controlled loading experiments. Raw data collected from the SPS-1
(rigid pavement sections) and SPS-2 (flexible pavement sections) have been reduced by
PCS/LAW to key elements, enabling increased potential for user accessability, Raw data
collected from the SPS-1 sections in NC was processed and included in DataPave 2.0, Because
some of the data obtained from the OH experiments was thought to be out of the anticipated
range, none of this data was included in DataPave 2.0. No further analysis of either the NC or
OH data, in terms of quality, trend identification or appiicability to mechanistic pavement design
has been performed to date. :

Objective
The main objective of this study is to determine those approaches and methodologies most

appropriate for applications of measured stress, strain and deflection response obtained from in-
service roads to theoretical (mechanistic) pavement analysis concepts and design processes.

Approach
Work for this study will be divided into three phases:
Phase I — Quality Assurance and Quality Control Analysis. - Identify biases, procedural or

processing errors, or physical irregularities, if any, that exist in the sample DLR data. Provide a
scientific explanation for findings, as well as suggestions for future experimental and/or




procedural medifications to ensure improvement of data quality. Work will be initiated by
reviewing all the supporting material to become familiar with all information sources and to
decide what data processing software will be appropriate for TPI use.

Phase II — Statistical Analysis. — Perform correlations and regressions to provide correlation
coefficients and linear/non-linear regression values to identify trends between experimental
results and test variables.

Phase IIT — Mechanistic Analysis. - Verify that mechanistic models exist, or can be modified to
predict pavement response given inputs similar to those test conditions found in the selected SPS
sections.

Weork Tasks

Phase I - Quality Assurance and Quality Control Analysis - TPI-selected data processing
software will be used to convert binary raw data to ASCII format. Then a comparison of gage,
loading, and site-specific factors will be performed to identify any obvious data mmput errors,
which would affect processing. Once the input data match is confirmed, initial processing will
be performed by TPI and then compared to that data processed by PCS/LAW. If differences in
results are identified at this point, focus will be applied to differences between processing
software algorithms. If results match at this point, a further investigation of the OH test setup
and instrumentation will be implemented to ensure that proper experimental data was supplied to
PCS/LAW. Specific gages may have to be tested to confirm operational integrity, or perhaps a
miscommunication in data transfer oceurred and can be rectified. TPI will require a package of
available material from PCS/LAW including:

¢ information on experimental design;

s test section physical and environmental description data;

¢ data collection instrumentation, software and supporiing literature;

e data processing software and its supporting literature;

e representative set of "suspicious” and "good" data with file naming conventions. The
representative data set should included the data in its raw and processed form.

e additional raw data if needed for Phases II and IiL '

e all processed data from NC and OH

s all software used to process the raw data in a form suitable for input to DataPave 2.0

Task A. Familiarization of LTPP Data Collection and Processing
A.l. Review supporting literary material:

"Pavement Instrumentation/Load-Response/DLR IMS Issues",
"Development of an Instrumentation Plan for the Ohio SPS Test Pavement”;



A2

A3,

"SPS-2 Seasonal and Load Response Instrumentation North Carolina D.O.T.

Open house - Overview of the LTPP Program";

"Pavement Instrumentation Program for SPS-2 Experiments - Instrumentation
Detazls":

"Technical Manual for the MEGADAC SERIES 3100";

"Climatic Data for SPS Test Sites"

"Minnesota Road Research Project: Load Response Instrumentation and Testing
Procedures”

Review DLRCheck software and supporting literature,

Choose appropriate software for TPI data processing.

Task B. Data Examination and Processing

B.1.

B.2

B.3

B.4.

Examine each of the data files provided in their as-received form to identify any
discrepancies, trends or physical irregularities.

Perform detailed comparison of experimental procedures between data sources to
identify biases or errors due to data acquisition/instrumentation processing
software input data influences. i.e. gage calibration factors and spatial placement.
loading data, etc. '

Process sample data sets using DLRCheck and TPI-selected software.
Compare processed data to identify any biases or errors introduced by processing.

Task C. Identify problem areas and seek solutions to fill in missing or erroneous entries to the
data. This effort may require travel to NC or OH to identify specific records for gage sites, test
questionable gages still in service, etc.

Task D. Prepare and submit Phase [ report documenting all work performed, findings,
discussions and conclusions.

Phase II - Statistical Analysis. - Correlation and regression analyses of data will be performed to

determine repeatability between runs, identify dominant trends in the data, identify degree of
linearity of results with respect to test variables and identify environmental and/or loading
variables most influential to these trends.

Task E. Process and group data into suitable sets for correlation and regression analyses
purposes. Perform auto and cross correlation analyses on processed data to determine
repeatability between runs, identify the importance of each variables involved in the data.



Task F. Perform linear and non-linear multivariable regression analyses on the processed data to
identify dominant trends in the data, degree of linearity of resuits with respect to test variables
and environmental and/or loading variables most influential to these trends.

Task G. Prepare and submit Phase II report documenting all work performed, findings,
discussions and conclusions.

Phase ITI — Mechanistic Analysis. - Two readily available mechanistic model sets will be
selected: one for rigid pavements and the other for flexible pavements. These models will be
employed using input data, which identifies as close as possible with the climatic, loading,
geometric and material properties associated with the selected SPS test sections. Simulation
results obtained by the models will be compared to experimental results. Model validity will be
assessed based on model and experiment results comparison. If in the event the models do not
demonstrate sensitivity to influential variables identified in Phase 11, adjustments to the model
may be implemented.

Task H. Select mechanistic models for rigid pavements and flexible pavements. Theselection
criteria will be model mechanistic basis, validity, reliability and availability. The mechanistic
models developed at TPI group will be first examined. Test selected models using input data,
which identifies as close as possibie with the climatic, loading, geometric and material properties
associated with the selected SPS test sections. Simulation results obtained by the models will be
compared to experimental results. .

Task I Validate selected models based on simulation results and filed data comparison. If
discrepancy exists, the model parameters will be calibrated using typical field measurement and
more simulations will be performed to further validate the models. If in the event the models do
not demonstrate sensitivity to influential variables identified in Phase II, adjustment or
improvements to the model wili be performed. The results from regression analyses conducted in
Phase II will be used for model improvement.

Task J. If needed, develop software to implement the selected mechanistic models. The
software will be a user-friendly, windows based computer program.

Task K. Prepare and submit Phase [1I progress report that documents all work performed,
findings, discussions, conclusions and suggestions for the DLR study overall.

At the end of each Phase, an interim report outlining procedure of the investigation and findings
for that Phase, will be submitted.



ESTIMATED COST:
Labor Costs - One (1) research engineer and one (1) mechanical engineer, and possibly input
from OH and/or NC personnel, are needed to complete the work. A computer programmer may

be needed if computer software to be developed

Phase I - Quality Assurance and Quality Control Analysis (staff labor heurs)

Task A. 40

Task B. 220
Task C. 220
Task . 70
Subtotal 350 @8%0/hr. = $49,500

Phase H - Statistical Analysis (staff labor hours)

Task E. 150

Task F. 150

Task G. 160

Subtotal 400 @3$90/hr. = $36,000
Phase Il — Mechanistic Analysis {(stafif labor hours)

Task H. 40

Task L. 160

Task J. 240

Task K. 100

Subtotal 540 @$90/hr. = $48,600
Total Staff Labor 1455 @$90/hr. = $134,100
Other Costs

Cutside Consultant Support hours 156 @%65/hr. = $9,750
Equipment : $2500

Travel $5000

TOTAL COST: $151,350



APPENDIX D

“ITPP Data Analysis/Operations Feedback Report”



LTPP Data Analysis/Operations Feedback Report:
Objective and Instructions

LTPP has made every effort to insure that quality data is provided to users. However, it 1s not
possible to review every item of data or perform every comparative evaluation between items.
As a result, users may encounter instances where data does not conform to expectations and an
apparent systematic problem exists. LTPP encourages users to report such instances for further
investigation when they are unable to satisfactorily explain them for themselves.

In order to facilitate reporting data which suggest or demonstrate the need for corrective actions
or further investigation of the data, and/ or data collection and processing procedures, L'TPP has
developed the Long Term Pavement Performance Data Analysis/Operations Feedback Report.
This form is applicable(but is not limited) to the following circumstances:

> the absence of critical data for specific test sections;

» data which appear to be incorrect, contradictory, or otherwise suspect;

» data which are not currently collected but which are needed to fill voids identified in the
analysis:

» recommendations arising from the analysis as to how data collection procedures might be
improved.

Instructions for completion of the report are as follows.

Report No.. A unigue, sequential number 1s to be entered, by the originator of the feedback
report, in the block labeled Report Ne.. The number is to consist of a 3-8 character identifier for
the source of the report, followed by an Arabic numeral (e.g., XYZ-1, XYZ-2, ete.). The
character identifiers may be derived from company names, or the names of individuals.

Submitted by: Enter the name of the individual submitting the report along with a phone number
or e-mail address. -

Subject: Enter a BRIEF (1-line). but meaningful synopsis of the feedback topic.

Situation: Describe, as fully as possible, the data or sitation in question. Attach additional
pages as necessary. Where insufficient information is provided to describe the issue, the
submittal will be returned for further clarification before any action is taken.

Recommended Action: Clearly outline the specific action(s) vou believe necessary to resolve the
situation identified. Attach additional pages as necessary.

The completed form should be sent to the FHWA LTPP Team at the address or facsimile number
listed on the Feedback Report. An electronic copy of the form (provided in WordPerfect) can be
sent to ltppinfo@thwa.dot.gov. Otherwise. the .pdf file can be printed and the hard copy
returned to the address or facsimile number on the Feedback Report. The LTPP Team will keep
the user informed of any action taken on the report and/or its resolution.



TO: Long Term Pavement Performance Program
HRDI-13
6300 Georgetown Pike
Mcl.ean, VA 22101-2296

Facsimile: (202) 493-3161
Email: LTPPINFO@fhwa.dot. gov

LTPP Data Analysis/Operations  ReportNo.: EJW-1
Feedback Report

Date: 8/14/2000

Submitted by: Eric Weaver

Subject: Problems encountered with IMS database entries while accessing them through DataPave 2.0

Situation: (1.) Improper values for axle loads: values need to be multiplied by 4.45” to get kN. (2.)
Ymproper units for time: units are milliseconds, rather than microseconds as indicated. (3.) Some
dates do not match, even for data entries within the same run. (4.) Truck geometry tables are not
available: software indicates an error. “Error: 3061 Too few parameters. Expected 1.7

{5.) Pavement temperature is not available at all, and air temperature is not available for all runs.

Recommended Action: (1.) Correct conversion factor applied to arrive at SI units. (2.) Change the
unit Jabel to milliseconds (ms). (3.) Ensure that dates supplied with database input files match, and if
not, verify proper date with data supplier. (4.) Bring to attention of software developer. (5.) Add
pavement (or air) temperature to DLR tables and provide and air-pavement temperature conversion

factor.

Distribution Urgency {check one)
Resolution needed by:
i (Date)
1 Next upload of atfected data
Referred to: Assigned to: | Information
Copies to:
Comments
Action to be taken: Asrecommended As outlined below Date assigned:

Date due:

Findings/Actions Taken

Date completed:

Atftach additional pages as necessary o describe situation, recommended action, and actions taken.
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AND AXLE DESIGN
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3 ] -53_254U6 -8.651823 j -53.2
1i 37.248181 2.,12203% 0] 2.1
i D,444404 0 0.4
v 3.022547 G 3.0
4 0.500 -§.895032 0 -RELZ
11.090 244585 0. 2.4
11,000 g.512221 0 0.3
. 17.G00 PBL.24T395 3.142444 0 3.1
5 0.000 -50G.984262 -9,115455% 0 ~-4.115%455 -50.984262
11.000 35.576562 2.625924 2 35.576562 2.625924
11.000 7.450588 0.549932 0. T.450589 0.549932
17.040 17.811541 3.1845%19 0] 17.811541 1.184518
92 0.030 42.613624 21.244606 O 42.613624 21.244606
’ 11.000 ~Z28.70447% -11.88711¢ ol -11.88711¢6 -28.704475
11.000 -£.011408 -2.485%34%8 a ~2.4694438 -6.011408
17,400 -14.887228 :q.bmpmmw o ~7.421882 -14.887228
B3 3.000 53.504218 36.470457 1.716934 53.73494% 36.299710
11.0a0 ~35_.341718 ~21.868274 ~1.351223 ~21.754596 ~35.4760%5

11.000 =T 401407 -4,.584078 -0.282979 -4 ,555336 =7.429549
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~19.915636 -38.5612192
-4 170814 -8.086323
~11.93365%%9 -20.233194
178 0.a00 GL.74L780 46.583498 ~2.478811 62.136778 46. 188501
11000 -40.32333¢6 -28 463808 1.8508G60 -28.152%4¢ -40.704198
11.0uU0 -5.459337 -5.961007 0. AG85L5 ~5.8955%0% ~8.52443%
17,000 ~21.569720 -16.,274118 0.865912 -16.136124 -21.707714
179 o.ooc 343310 46.9%12630 2.857373 61.197304 45.956637
11.000 —3G.615507 ~28.426674 —2.248745 -28.059109 -40.053473
11.060 ~8.296525 -5, 967820 =.470941 -5,876253 -8,388162
17.004 -2 . 185267 -16,249360 ~(.998234 -16.055122 -21.379505
RES510M I8 POSITIVE):
= 0.012697 AT NODE 170
AND i G AT MODE 0
@ 1,268 AT 170
FROM 172 TO 37.889 AT MNODRE 1
GE Y FROM 172 TO 3.615 AT NODE 97
MINGER PRIBC. TROM 172 TO 2.626 BT NODE 5
PRIHC. FROM 172 TO 37.989% AT NODE 1
RANCE T FROM 172 TO 18.981 AT NODE 1
; FROM 172 T 3.18% AT NODE 5
172 TO 3.18% AT NORE 5
172 T 18.961 AT HOLE 1

SUM OF REACTION




330} ¢ v 1.023 37,841
1332 0.011627 1.8062 £L.BZ0
132 0 4] 1.794 122,015
133 ¢ o 1.765 126.0938
134 g 0 1.714 123,334
135 0 b 1.631 118.836
136 o 0 t.588 114.367
137 0 0 1.534 110,413
138 ] 8] 1.484% 794
138 0 0 1.429 754
140 0 0 1.356 502
141 0 0 1.265 0oz
147 0 ) 1.168 %95
143 0 0 1.070 529
144 4] G.: 15 0.4 4 1.851 LB50
145 ¢ 0 e . 47 1.841 .443
146 0 0 iy q7 1.811 .288
147 0 o] 32 1.760 657
148 0.010248 0 35 345 1.697 L1540
145 0.010%41 VIS 45 1.634 L634
150 6.010051 0.660028 PG 1.578 L 605
151 0.009851 0. 2a 0. 13 1.527 1G9.880
152 0, 0. 35 0. 42 1.470 165,724
153 a. G, i3 0. 1.396 100.41%
154 oL 0. 2 a. 1.305 93,427
155 G.C3E77E0 0 53 [ 1.207 86.473
138 noon7163 o i ¢, 1.11¢ 40.981
157 0.012200 8 Gl a. 35 1.891 172.406
158 0.012141 0 Y Q. B . 1.882 343,292
159 G.0L1547 o - 0. G30 1,852 338.019
160 1.011613 0. 34 1.800 328.6724
161 0.011197 G 6 0.000037 1.735 316,849
162 0.010783 o 2 0.0G0G036 1.e71 305.2210
163 G.OLsals 0 3 0.000036 1.615 294,963
164 0.G1E0E7 U 5 O.outuie 1.563 285,717
165 0.006717 ¢ 5 G. 137 1.506 275480
166 0.009238 ] ; 0. 38 1.432 262.028
167 N.0UEE4E z a. 1.340 249.293
168 (G, OGERDD 0 a. 1.241 227.317
169 0 0 C. 1.144 107.454
170 0.012697 o 0. 1,968 211.631
171 0.012860 0 E 0. 1.5862 421.738
172 3.012490 0. Lz -0. 1,936 415,812
173 0.012142 (IR 0. 1.882 404.37¢6
174 0.011697 e 37 G. 1.813 844
175 0.011272 £ 33 0. 1.747 703
176 GLDiustz e 3 . 1,680 325
177 (] 3 6 0. 1. 640 3048
178 . 4 0. 1.586 1,301
179 G 7 0. 1.510 G15
180 G 5 0. 1.413 425
181 4 f 1.311 588
16872 G L 0 1.213 322
183 o 1.954 482
184 o 1.445% 751
185 0 1.517 741
186 # 1.869 268.802
187 3 1.807 ZE0.062
188 o 1.745 251.108
129 g 1.687 242,771
130 o 5 1.832 234.82¢6
121 O 3 1.572 226.102
19z o 4 1.457 215.303
193 o 51 1.407 202.380
194 o ) 1.310 168,538
195 3. o 50 1.215 69.479



